Abstract: In this paper, a novel license plate recognition approach for community monitor using hausdorff distance is proposed. This method reduces the problem of rotation and translation transformation between the license plate and model rely on finding the minimizing the hausdorff distance between two point sets. The algorithm utilizes color and edge characters, meanwhile, combines some conventional image preprocessing methods to get several regions of interest, and the least trimmed square hausdorff dis-tance is computed to select the validity license plate and recognize the detail characters according to a well-organized digital models and the match threshold is defined in ad-vance. The result of algorithm shows some tolerant of small location errors occurring in region of interest that has good performance and efficiency.
Introduction
It is an important safeguard measure for community security to implement intelligent video monitoring [1] , as well as automated license recognition is the key content to intelligent video monitoring geared to community. License plate is the unique identification for each car, so vehicle monitor and identification mean actually utilizing image processing, pattern recognition and etc. to realize plate segmentation and character recognition. And it also has a wide range of applications, such as criminal pursuit, community management, vehicle status checking, automatic toll collection, traffic flow magnitude control and etc. A complete LPR (License Plate Recognition) system generally consists of the following major steps [2] , [3] : image collecting and pre-processing, license plate detection (to roughly find the regions of interest (ROI) from the input images); license plate segmentation (to separate symbols/characters from each other); character recognition (to identify symbols/characters from image by predefined recognition models). In this paper, we propose a specific LPR system which is geared to community on the basis of an improved Hausdorff distance. The present paper is organized as follows: Firstly, description of the overall system is discussed in section 2, Secondly, the image preprocessing and LP location are introduced in section 3. The improved hasudorff distance and symbols/characters recognition strategy are proposed in section 4. Experimental results are presented in section 5, Finally, the conclusion in section 6. Fig.1 shows the main monitor system architecture that has been geared to community. There are four integral parts: control center, image acquisition, transmission system and display screen. In the image acquisition, we use CCD Cameras and image grabbing card to get information, the video signal will be transmitted to monitor screen directly via video switch, and the video information will be stored in image processing server. The control center decides when or what information should be written in storage medium, as well as whether to switch monitory point or to start warning system if necessary. If there occurs nonnormal case which fits the warning rules predefined, the server will start the LPR algorithm to implement the monitor, the main functions is shown in Fig2. To prepare for characters recognition, we need to set the models in advance. According to the standard for vehicle plate in china, each license plate number consists of 7 digits, of which the first symbol is a Chinese character, and the rests are letters or digits. Generally, there are about 60 Chinese characters, 26 capital letters and 10 digits. The number of symbols is limited, so the database of models can be permutated without difficulty. The size of model is 26x14, the background is white and its gray value is 255, and the character edge is black with the gray value equaling 0. Thus, we build the reference matching database which has 100 models approximately, and it will be loaded with the system started.
System Structure and Workflow

Image Preprocessing and Location
Image preprocessing
The result of image preprocessing has very important influence on license plate location. We use three main steps including binary image, image enhancement and denoising to complete the image preprocessing with the purpose of reducing the undesired signal and enhancing the useful information about license plate. Firstly, the colored image is transformed into gray, and then gets the binary image as the following formula (1):
On this basis, we use formula (2), (3), [4] to obtain the binary image. The enhancing technology is to make up for the deficiency lacking in contrast and details of image at the same time.
Here, α and β mean enhancing factor which are relatively prime positive integers and can be regulated dynamically, p i represents the i th gray value of converted image, f ′ is the mean gray value and f (x, y) is a certain point gray value of original image respectively.
License plate location
According to traffic laws in china, the license plate has three mainly features [4] , [5] , [6] : 1) Color: the color of plate includes blue colored base with white colored characters, black base with white characters, yellow base with black characters and white base with black colored characters. To improve the validity of ROI, we could utilize the color information fully to locate the plate. For instance, most civilian vehicle uses the combination of blue with white, which occupies more than 75% in community. On this occasion, the LP ROI should include white-blue color, and the distance between white points and blue points should be within in certain range [7] , [8] .
Thus, we define each point has
then this is a white point. Here, f 1 , f 2 ,T 1 ,T 2 are initial parameters and can be set on the basis of practical situation. 2) Structure: conventional plate has the size of 440mm width by 140mm height, and is always located in lower of vehicle, meanwhile the aspect ratio and character spacing are constant (each character has 45mm width, 90mm height,34mm character spacing between the second and the third character,12mm character spacing inter others ). 3) Texture: the chromatic transformation at horizontal direction occurs regularly with wave crests and wave troughs alternately. According to the above-mentioned three rules, the system can locate the license plate form the several ROIs quickly and efficiently. For instance, influenced by the cars decorations, there will be several LP ROIs as shown in Fig.3 . After determination of ROIs, the license plate location becomes easier. A slide window [9] , [10] , [11] is shown in Fig.4 , whose width and height sizes are bigger than those of the LP size. In this window, if the number of characters is equal to or lager than 7, it may be a good potential, otherwise, we should slide this window or discard the select ROI.
The instance of LP histogram and located plate are show in Fig.5 and Fig.6 . 
Character segmentation
We should process characters segmentation [12] after getting the plate region to recognition. Wiping off some interference factors including elimination plate frame and rivets influence are very important, because the accuracy of character segmentation plays a very important role in the character recognition. Transverse projection and longitudinal projection are used in this paper. The result is shown in Fig.7 .
After this preparation work, character segmentation can be done. Generally, vertical projection, template matching and connected domain segmentation are three common methods, and as vertical projection performs quickly and efficiently [5] , [13] , so we use this method to complete the segmentation. The brief process is listed below Fig.8 .
Firstly, when we get the LP with denoising, the mean and the minimum value of vertical projection can be computed, and then height and width of character is also obtained. In this process, height and width of character can be dynamically adjusted, which makes the projection more flexible. According to the character pitch, the segmentation can be done. The symbols using the vertical projection of gray value is shown in Fig.9 . Furthermore, In order to improve the rate of identification and reduce the calculated complexity, we can thin each character before matching as show in Fig.10 . After character segmentation and thinning, we can get seven separated white colored with black colored base images, and in order to extract the feature of image, we do some normalization for the pictures such as to use uniform size for each separated characters like what Fig.11 shows.
Matching based on improved hausdorff distance
In the past decades, several strategies have been proposed successfully in image matching. These strategies include Hidden Markov chain, neural network, Wavelet analysis and fuzzy mathematics [14] , but these strategies mentioned above are mainly developed for specific application and are apt to research in laboratory. The most commonly used method for recognition is certainly based on the model matching which is one of the representative algorithms of image identification. Model matching computes distance between models and some feature vectors extracted from image that wants to detect. The minimum distance rep- Figure 10 Thinning the characters Figure 11 Separated characters resents the compare result. Simple algorithm and reliable performance are the features of this method. The hausdorff distance computation differs from many other shape comparison methods; it is reliable even when the image contains multiple objects, noise, spurious features, and compares a portion of a model against an image [15] , [16] .
The Hausdorff distance [17] , [18] , [19] was a shape comparison metric based on binary images. It represents the difference of two point sets. (6) is called the directed Hausdorff distance from B to A. HD matching is a method of feature points matching that does not re-quire to build point-to-point correspondence , but only needs to compute the similarity of two points, so it has good performance to deal with images having multi feature points or transformation. Huttenlocher et al. pro-posed the partial HD [18] measure in comparing partial portions of images containing severe occlusions or degradation. The directed distance of the partial HD [20] , [21] is defined as:
H(A, B) = max[h(A, B), h(B, A)]
1 ≤ f ≤ sum points of A,1 ≤ r ≤ sum points of B.
There h f (A, B) = f th a∈A min b∈B ∥a − b∥ denotes. The f th ranked value of point in A to point B. Dubuisson and Jain proposed the MHD based on the average distance value in comparing the synthetic images contaminated by four types of noise [22] . The directed distance of the MHD is defined as:
Reference [23] present the least trimmed square (LT-S) HD based on LTS which is combined with PHD and MHD, the LTS-HD is defined as:
It ranks value of the distance between any point in set A to set B by ascending order, and gets the sum of the 1th to the fth, then computes the mean value.
Here, F represents f × N A as in the PHD case, and f as an optimal fraction whose range is from zero to one. If f is equal to one, then this HD computing method corresponds to the conventional MHD. This method can eliminate the influence occurred by margin points as well as doing well for zero-mean Gaussian noise.
We use the LTS-HD method to realize the matching of plate characters and models, in order to obtain the ideal matching results. The main steps of algorithm shows as:
Step1 Step4:
Match optimization
In this paper, two primary methods are used to optimize the license plate match. Firstly, this algorithm is running for the community monitor, mostly LP having the same features in the same community, so, we can set different weight value for each model and color entropy. For example, aiming at a civil community of Hubei province, we can set the weight value of model equals to 1, and others are less than 1,meanwhile, more than 75% civilian vehicles has blue and white plate, this color entropy also can set the maximum value 1. Of course, each community has different initial set according to its actual conditions. This optimization step can improve the LP location accuracy form several ROIs and reduce the model match times.
On the other hand, there are about 100 models in reference database; in the worse case, each model will compute the hausdorff distance with every character in license plate, and then select the minimum as the match result. This whole process is very time consuming, so, it is necessary to improve the matching instantaneity. This paper uses Early Termination Method (ETM) to stop the compute process in advance. The detail of ETM is described below:
Step1:Define the translation transformation vector T = (x, y),M,P represents the model and LP character respectively, m M × n N is the size of M, and m P × n P is the size of P, τ is the match threshold.
Here
Step2:The distance between M and P on the basis of T is defined as:
Compute the matched points, if the number of D P > τ is more than a certain preset value, we can terminate match in advance and select another model.
Experiments and Results
We collect 500 vehicle images that have 500 * 400 pixels size combing SAMSUNG SCC-C7439P camera with image grabbing card CR1010E under different background and illumination intensity, then, use visual C++6.0 and matlab as algorithm working platform, experimental results to be shown in table 1. In our experiment results, the recognition success rate is more than 90%, mostly LP can be recognized correctly and quickly, but not all character images are identified accurately, because there are some characters looking mostly like another one, such as ′ 1 ′ , ′ T ′ , ′ 7 ′ or ′ 0 ′ , ′ 8 ′ , ′ Q ′ being misclassified. Therefore, some LP recognition algorithm should be run one more time or need manual interference.
Conclusions
The LPR system geared to community is realized by applying the LTS-HD algorithm, the effectiveness is tested with many images under different illumination and noise. The results show this method has good robustness and efficiency in community monitor. Further research will focus on improving the accuracy rate and the recognition speed.
